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Conversion arrangement and method for converting a 
thermometer code 

The invention relates to a conversion arrangement and a 
method for converting a binary input signal 
corresponding to an n-bit thermometer code into a 
binary output code different therefrom. 

The thermometer code is a digital code which ideally 
consists of a series of binary ones followed by a 
series of binary zeros, or visa versa. The thermometer 
code thus ideally contains no zeroes in the series of 
ones, and visa versa. A thermometer code is very often 
used in analog-to-digital converters in order to 
convert an analog input signal, for example a measured 
voltage, into a digitally coded output signal. 

Table 1 presented below shows a detailed representation 
of an n-bit thermometer code, where n denotes a 
positive integer with n > 2. In the example in Table 1 
n = 16. The code accordingly consists of n-1 = 15 
digital signals. Including the case in which only zeros 
and only ones occur, n permutations thus exist for the 
n-bit thermometer code. An arbitrary bit of the number 
of bits Dl to D15 is designated as DI, where I is a 
consecutive integer. In the case of an arbitrary value 
of P in the digital range of P=0 to P=15, each bit DI 
has a logic vv zero" if I > P and each bit DI is a logic 
"one", if I < P. This functional relationship explains 
the concept that the extent of the series of ones 
increases by one each time when P increases by one. P 
thus represents the digital equivalent of the analog 
input signal, for example of the analog input voltage, 
that is to say P corresponds to the decimal value 
which, after the conversion by the corresponding 
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analog-to-digital converter, is intended to be provided 
at its output. 
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Table 1 

5 

Besides the column with the 16-bit thermometer code, a 
further column is specified which represents the 4-bit 
binary code which is intended to be generated in the 
event of a conversion ideally from the thermometer 
10 code. 

Converting a thermometer code into a binary code 
requires a conversion circuit, as is presented for 
example in the European patent EP 632 598 Bl. 
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Accordingly, in order to convert a thermometer code 
into a binary code, the individual bits of the 
thermometer code which are present at a respective 
output of a comparator are' fed to a counter device, 
5 which successively counts the output bits of the 
comparators in the bit sequence of the thermometer code 
and thereby generates the thermometer code. 

Said counter device becomes extraordinarily extensive 
10 in particular for those applications in which a 
thermometer code having a large number of bits, for 
example a 16-bit or 32-bit thermometer code, is 
intended to be converted into a binary code. An added 
difficulty is that, in this case, the conversion of the 
15 thermometer code into the binary code takes a very long 
time on account of the successive counting of the 
different thermometer code bits. Such a conversion 
circuit thus cannot be used at all, or can only be used 
to a limited extent, for high-frequency applications. 

20 

The abovement ioned comparators which provide the 
thermometer code on the output side have a data input, 
into which an analog signal of an output stage is in 
each case coupled. The second comparator input is 

25 typically connected to a reference voltage source via 
which a reference potential can be fed to a comparator. 
The comparators in each case provide a digital output 
signal at their outputs in a manner dependent on the 
comparison of the analog input signal with the 

30 reference signal. If the input signal exceeds the value 
of the reference potential, then a logic "one" is 
typically present at the output, whereas for the case 
where the input signal is less than the reference 
potential, a logic "zero" is present at the output. 

35 

An operation for measurement of an analog signal value 
thus typically produces a thermometric digital signal 
whose successive bits have at most a single transition 
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between a group of successive bits having the value 
"one" and a residual group of successive bits having 
the value " zero" . 
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Table 2 

5 A further problem now consists in the fact that, on 
account of an erroneous comparison in the comparator 
stage, occasionally a "one" mistakenly passes into the 
series of zeros, or visa versa. This type of error is 
extremely rare and is referred to below as transition 
10 bit error since there is at least one additional 
transition between zeros and ones. In the literature, 
this type of error is often also referred to as 
decision error or "bubbles". 

15 Table 2 above shows an example of a 16-bit thermometer 
code having transition bit errors. Besides the column 
with the decimal value of the measured signal, table 2 
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shows a further column with the decimal value which is 
output on account of the transition bit error. 
A transition bit error normally occurs near the region 
in which the code has its intended transitions between 
zeros and ones. In order to eliminate such errors 
caused by transition bit errors, conversion circuits 
are often equipped with a correction circuit, as are 
described for example in the document EP 632 598 Bl 
already cited. 



The disadvantage of such error eliminating circuits 
consists primarily in the fact that this necessitates a 
further circuitry outlay for eliminating errors in 
addition to the considerable circuitry outlay for the 

15 converter. However, the additional circuitry outlay 
required for this is in turn detrimental to the 
performance, in this case in particular the rapidity, 
of the conversion circuit, so that such conversion 
circuits are only suitable for converting thermometer 

20 codes having a low number of bits. 

Therefore, the present invention is based on the object 
of providing a fastest possible conversion arrangement 
and a fastest possible conversion method for converting 
25 a thermometer code into a binary code. A further object 
of the invention is to provide a simplified arrangement 
in comparison with conventional converters. 

These objects are achieved according to the invention 
30 by means of a converter arrangement having the features 
of Patent Claim 1 and a method having the features of 
Patent Claim 13. 



Accordingly, provision is made of: 

A converter arrangement for converting a binary input 
signal corresponding to an n-bit thermometer code into 
a binary output code different therefrom, 
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having a first number of OR gate circuits, into 
the inputs of which bits of the thermometer code can be 
coupled, 

having a first adder, which is connected 
5 downstream of the OR gate circuits and into the inputs 
of which the output signals of the OR gate circuits can 
be coupled and which provides at least one binary 
output signal for the output code at its outputs, 

having a second number of multiplexer circuits, 
10 into the inputs of which bits of the thermometer code 
can be coupled and into the multiplexer selection 
terminals of which the output signals of the first 
adder can be coupled, 

having a second adder, which is connected 
15 downstream of the multiplexer circuits and into the 
inputs of which the output signals of the multiplexer 
circuits can be coupled and which provides at least one 
further binary output signal for the output code at its 
outputs. (Patent Claim 1) 

20 

A method for converting a binary input signal 
corresponding to a thermometer code into a binary 
output code different therefrom, 
having the following method steps: 
25 (a) an n-bit thermometer code is provided; 

(b) the n-bit thermometer code is subdivided into 
m segments ; 

(c) the bits of at least the m-1 more significant 
segments are in each case ORed; 

30 (d) the at least m-1 output signals from the ORing are 
added up, the binary result from this addition forming 
a first, more significant part of the output code; 
(e) bits of different segments, which, however, have 
the same MSB or LSB significance within the respective 

35 segment, are multiplexed with one another, the first 
part of the output code being used as multiplex 
selection signal; 
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(f) the multiplexed output signals are added up, the 
binary result from this addition forming a second, less 
significant part of the output code. (Patent Claim 13) 

The heart of the present invention consists in a matrix 
which has different thermometer codes with an ascending 
code value in each case being subdivided into so-called 
segments in each case in the horizontal and also 
vertical projection. The individual segments have the 
same number of bits in this case. By means of the 
invention's highly advantageous combination of 
individual bits from the matrix that is subdivided into 
segments in this way and subsequent addition from the 
result of this logic combination, the corresponding 
binary output code can be provided in a very simple and 
also very effective and rapid manner. 

In this case, the present invention is based on the 
insight that the thermometer code in principle has a 
20 highly regular structure - in contrast to a 
conventional binary code. Therefore, the desired output 
signals can be provided very rapidly by means of simple 
ORings, adders and multiplexers. 

25 The reason for this is that the individual bit signals 
of the thermometer code are present in parallel at the 
inputs of the ORings and, consequently, the output 
signals thereof are coupled into a first adder more or 
less simultaneously. Since the respective input signals 

30 are present in parallel at the multiplexers, too, the 
corresponding channels of the different multiplexers 
can be selected more or less simultaneously by means of 
the fed-back output signals of the first adder. 
Consequently, directly after the output signals of the 

35 first adder are available, the output signals of the 
second adder and thus the complete binary code are also 
ready at the output of the converter. 



10 
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By virtue of the fact that the bits of the thermometer 
code are processed more or less in parallel, the entire 
conversion circuit is . suitable for very high 
frequencies in the region of 500 MHz or greater. The 
conversion circuit can thus advantageously be used in 
0.18 jam technologies that are used nowadays. The 
conversion circuit according to the invention can thus 
be used for example in applications for wire-free data 
communication, video applications and broadband 
applications (e.g. ADSL, VDSL, UMTS, etc.) which are 
operated at the high frequencies mentioned. 



The invention is particularly advantageously suitable 
for thermometer codes having a very high number of 
bits, for example a 32-bit or 16-bit thermometer code, 
since the advantage on account of the very fast 
conversion speed in comparison with conventional 
conversion methods or conversion applications is a 
particularly major advantage here. Furthermore, the 
invention is, of course, also highly advantageously 
suited to thermometer codes having a lower number of 
bits, for example 4-bit or 8-bit thermometer codes. 
However, the invention shall not be restricted 
exclusively to 4-bit or 8-bit, 16-bit, 32-bit 
thermometer codes, but rather can, of course, be 
extended to any desired number of bits. 



Advantageous refinements and developments can be 
gathered from the subclaims and also the description 
with reference to the drawing. 

In one refinement of the invention, the number of OR 
gate circuits and/or the number of multiplexer circuits 
or the number of the input terminals thereof is defined 
by the thermometer code subdivided into segments. 
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In one refinement, four bits are provided per segment, 
the segments of the thermometer code typically having 
an identical bit width in each case. 

In one refinement, in each case only bits of a single 
segment are coupled into the input terminals of a 
respective OR gate circuit. 

In one refinement, in each case only bits of different 
segments, which, however, have the same MSB or LSB 
significance within the respective segment, are coupled 
into the input terminals of a respective multiplexer 
circuit . 

In one refinement, the least significant segment, that 
is to say the segment with the first four bits of the 
thermometer code, is always actively set. This insight 
can be utilized in order to reduce the circuitry outlay 
for calculating the number of segments in the adder, in 
that only the outputs of the OR gates representing the 
three more significant segments are summed. In the case 
of m segments, the first number thus amounts to m, in 
particular m-1. 

In a highly advantageous refinement, the least 
significant bit (LSB) of a respective active segment is 
always set to "one". This advantageously reduces the 
circuitry outlay and thus also the computational 
complexity, since only the three more significant bits 
of an active segment have to be multiplexed and then 
added up. In the case of a bit width k of a segment, 
the second number then amounts to k, in particular k-1. 

In one refinement, in the case of m segments having the 
bit width K=4, the number of input terminals of the 
adders amounts at most to m, advantageously m-1. For 
the case m=4, in the latter case, it is advantageously 
possible for at least one of the adders to be designed 
as a full adder. A full adder has three inputs and two 
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outputs. The full adder thus adds three bits and 
provides two bits, and thus four possible output 
values, at its output. It goes without saying that a 
half-adder would also be conceivable here, for example 
in the processing of a thermometer code having a width 
of only 8 bits. 

In a highly advantageous refinement, the adders, the OR 
gates and/or the multiplexers are designed as standard 
library cells. These library cells may be taken from a 
conventional library containing a multiplicity of basic 
circuits, in particular basic gate circuits. This 
refinement furthermore makes it possible, in the event 
of a transition to a new chip technology, for the 
corresponding converter circuit to be adapted to the 
new technology in a very simple manner by merely 
exchanging the standard library cells. An additional 
outlay for an adapted circuit layout or circuit design 
is no longer necessary here, so that the development 
outlay and thus also the development costs remain 
minimal in the case of a required technology transfer. 

In one refinement, the converter has at most n input 
terminals and at most m output terminals. 

The binary output code is typically a binary code or a 
hexadecimal code. 

In a particularly advantageous refinement, the 
conversion circuit according to the invention dispenses 
with means that are provided specifically for 
eliminating errors in the case of transition bit 
errors. In this case, the invention is based on the 
insight that such transition bit errors occur extremely 
rarely and, particularly in the case of thermometer 
codes having a high number of bits, corrupt the result 
only to an insignificant extent. Furthermore, in 
specific cases, an error brought about by a transition 
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bit error is not reflected at all in the binary output 
code. The reason for this is that, by means of the 
arrangement according to the invention and the method 
according to the invention, the bits of specific 
segments which are not actively identified are not 
concomitantly taken into account at all in the 
calculation of the binary code that is output. If the 
transition bit error falls within such a segment, then 
the invention opens up the possibility that this error 
is not taken into account and that consequently, a 
binary output signal freed of errors is ready. By 
virtue of the fact that, moreover, the highly extensive 
circuitry outlay for correcting errors or eliminating 
errors as is required for example in conversion 
circuits according to the prior art is dispensed with, 
the entire circuitry outlay is very low and the 
performance is correspondingly improved. 



The conversion arrangement 
is advantageously used 
converter , in particular 
digital converter or a 
converter . 



according to the invention 
in an analog-to-digital 
in a parallel analog-to- 
flash ana log -to -digital 



The invention is explained in more detail below using 
the exemplary embodiments specified in the figures of 
the drawing, in which: 



Figure 1 shows a table which, on the basis of an 
example for a 16-bit thermometer code, 
represents the conversion into a 4-bit binary 
code by means of the segmentation according 
to the invention; 



Figure 2 



shows a 

conversion 

invention 



schematic block diagram for 
arrangement according to 
on the basis of which 



a 

the 
the 
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conversion method according to the invention 
is represented; 



Figure 3 shows a table which is used to represent the 
5 conversion of a 16-bit thermometer code into 

a 4-bit binary code in the case where a 
transition bit error is present; 
Figure 4 shows an example of an analog-to-digital 
converter with a converter arrangement 
10 according to the invention in accordance with 

Figure 2. 



In all the figures of the drawing, unless specified 
otherwise, identical or functionally identical elements 

15 and signals have been designated identically. The 
numbers specified in brackets in Figures 2 and 4 in 
each case designate the bit position begun respectively 
from the least significant bit (LSB) . The 
representation of the bit number begins in each case at 

20 zero as the least significant bit (LSB) and, in the 
case of a 16-bit thermometer code, stops at 15 as the 
most significant bit (MSB) . 

The table in Figure 1 shows a complete 16-bit 
25 thermometer code, the corresponding binary code and 
also the corresponding decimal value of the thermometer 
code or binary code. Furthermore, the last column 
represents the segment number p of the respectively 
active segment in binary notation. 

30 

The example in Figure 1 applies to a 4-bit output 
signal, which thus represents the bit range from 0 to 
15. The number of input signals is thus 15, for 
simplified calculation an additional column having been 
35 added which is always set to one and thus contains the 
least significant bit (LSB) of the thermometer code. 
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The input thermometer code in Figure 1 accordingly 
defines a matrix which has 16 bits in each case both in 
the vertical and horizontal direction and thus 
represents a 16x16 matrix. 

This 16x16 matrix is now subdivided into a multiplicity 
of segments having a width of 4 bits, to be precise 
both in the vertical direction and in the horizontal 
direction. The 16x16 matrix thus has four column 
segments and also four row segments. This segmentation 
has been represented in the table in Figure 1 by means 
of corresponding blank rows or blanks between adjacent 
segments . 

The following nomenclature is defined for the further 
description of the invention: 

A bit having the value one is designated as "active 
bit" below. An active segment is a segment within a 
thermometer code which has at least one active bit. 

In order now to be able to identify whether active bits 
exist within a segment of a thermometer code, use is 
made in each case of an ORing with four inputs and an 
output for each segment. If an active segment is 
present, then the result of this ORing is one, whereas 
a zero results in the case of a non-active segment. The 
various results of the ORings are added and thus 
produce the number of active segments. 

On account of the fact that the least significant 
segment (LSS) , that is to say the segment with the bit 
number 0 to 3, is always active, an ORing can 
advantageously be dispensed with here since the result 
of this combination would always be a one in any case. 
This additionally reduces the computational complexity, 
since only three rather than four output bits have to 
be added up. 
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As already mentioned above, the thermometer code as 
well as the binary code in each case has a high 
regularity. This fact may advantageously be used in the 
5 further determination of the binary output code. Thus, 
the table in Figure 1 shows that the two MSB bits of 
the binary output code precisely correspond to the 
binary segment number (see last column in Figure 1) . 
Furthermore, the table reveals that the two LSB bits of 

10 the binary output code in each case have the same 
pattern for each vertical segment. The reason for this 
is that the two LSB bits of the binary output code in 
each case represent the active segment within the 
thermometer code in which the bit transition from zero 

15 to one is effected. 



This insight may be utilized for the multiplexing of 
the respective bits within this segment, since the 
segment in which the bit transition takes place is 
20 known from the ORing and addition already carried out. 
Multiplexing thus yields that row of the active bits 
within the active segment in which the bit transition 
takes place. Said bits can then be added and form the 
two LSB bits of the binary output code. 

25 

The table in Figure 1 shows this relationship. Figure 1 
furthermore shows that the LSB bit within said active 
segment is always set to "one". This insight may be 
utilized to the effect that only the three MSB bits 
30 within the active segment are added in the event of the 
multiplexing and addition, so that, instead of using 4 
multiplexers, it is possible to use just 3. This 
additionally reduces the computational complexity. 



35 



Figure 2 shows a schematic block 
arrangement for converting a 16 
into a 4-bit binary output code. 



diagram for a circuit 
-bit thermometer code 
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In Figure 2, the converter is designated by reference 
symbol 1. The converter 1 has four outputs 10 - 13, at 
which the binary output code out(0) - out (3) can be 
tapped off. The converter 1 furthermore has a 
5 multiplicity of input terminals, into which the bits of 
the thermometer code in(0) - in (15) can be coupled. 

The converter 1 contains three OR gates 2, 3, 4 
arranged in parallel with one another , each OR gate 2, 

10 3, 4 having four inputs and an output. On the output 
side, a full adder 5 is connected downstream of the OR 
gates 2, 3, 4. The full adder 5 has three input 
terminals A, B, C and two output terminals CO, S, a 
respective input terminal A, B, C being connected to an 

15 output of an OR gate 2, 3, 4. The two output signals 
out (3), out (2), which correspond to the two MSB bits of 
the binary output signal, are present at the two output 
terminals CO, S. 

20 The converter 1 furthermore has three multiplexers 6, 
7, 8 each having four inputs and an output. The 
multiplexers 6, 7, 8 furthermore have two selection 
inputs SO, SI, which are connected to the output 
terminals CO, S of the full adder 5 and into which the 

25 binary output signals out (3), out (2) can thus be 
coupled. A second full adder 9 is arranged on the 
output side of the multiplexers 6, r 7, 8 arranged in 
parallel with one another. The second full adder 9 has 
three inputs A, B, C and two outputs CO, S, the three 

30 inputs A, B, C in each case being connected to an 
output of the multiplexers 6, 7, 8. 

The two outputs CO, S of the first full adder 5 equally 
form the two output terminals 13, 12 at which the two 
35 MSB bits of the binary output code are present, whereas 
the two terminals CO, S of the second full adder 9 form 
the other two output terminals 11, 10, at which the two 
LSB bits of the binary output code can be tapped off. 
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Figure 2 furthermore reveals that not all 16 bits of 
the thermometer code in(0) - in (15) are used for the 
conversion, as already mentioned above. This reduces 
5 the entire circuitry outlay in a highly advantageous 
manner. The conversion circuit 1 in accordance with 
Figure 2 is thus suitable for converting a thermometer 
code in(0) - in (15) corresponding to Figure 1 into a 
binary output code out(O) - out (3) in a very simple and 
10 rapid manner. 

The functioning of the converter 1 shall be briefly 
explained below: 

15 In order to be able to ascertain how many active 
segments are present in a respective thermometer code, 
the bits in (4) - in (15) of the upper three segments 
(p=l - p=3), that is to say the three MSS segments, are 
coupled into the three OR gates 2, 3, 4 segment by 

20 segment. If a respective segment has at least one 
active bit, then the ORing causes the output signal to 
. become "one". The number of active segments can then be 
ascertained. Since an active bit is always present in 
the lowest segment, such an Oring can be dispensed with 

25 since the input bits are present in parallel at the OR 
gates 2, 3, 4, and the input signals for the first full 
adder 5 are ready more or less in parallel at the 
outputs of the OR gates 2, 3, 4. Said full adder merely 
has to add up these three bits and generate therefrom 

30 the two MSB bits of the binary output code out (2), 
out (3), which are present at the output terminals 12, 
13. These output signals out (2), out (3) are then 
utilized in order to select the respectively desired 
inputs 10 - 13 at the multiplexers 6, 7, 8. The inputs 

35 10 - 13 of a respective multiplexer 6, 7, 8 are 
arranged in such a way that exclusively the highest MSB 
bits of the four segments are fed to the first 
multiplexer 6, the second highest MSB bits of the four 
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segments are fed to the second multiplexer 7 and the 
third highest MSB bits of the four segments are fed to 
the third multiplexer 8. By means of the two MSB bits 
of the binary output code which are present at the 
output terminals 12, 13 and are coupled into the 
selection terminals SI, SO of the multiplexers 6, 7, 8, 
it is possible to select that segment in which the bit 
transition precisely takes place, i.e. the multiplexers 
6, 7, 8 transmit only those input bits which are 
arranged in the respective active segment with a bit 
transition. These three output signals of the 
multiplexers 6, 7, 8 are added up by the second full 
adder 9, so that the two LSB bits of the binary output 
code out(O) - out(l) can be tapped off at the output 
terminals 10, 11. 

A fourth multiplexer at whose input terminals the LSB 
bits of a respective segment are present can be 
dispensed with, since the LSB bit is always set to 
"one" and in particular within the segment within which 
the segment in which the bit transition takes place. 

By means of the conversion circuit 1 in accordance with 
Figure 2, the binary output code out(0) - out (3) can be 
obtained from the 16-bit thermometer code in(0) 
in (15) very simply and very rapidly. This is because 
the OR gates 2, 3, 4 and also the multiplexers 6, 7, 8 
are in each case arranged in parallel with one another 
so that their output signals are present more or less 
simultaneously. In . contrast to the prior art, wherein 
the entire 16 bits have to be added successively in 
order to obtain the binary output code, here the full 
adders 5, 9 in each case have to add up only three 
bits. This is effected very much more rapidly in 
comparison with the prior art. 

Figure 3 shows a table which is used to represent the 
conversion of a 16-bit thermometer code into a 4-bit 
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binary code in the case where a transition bit error is 
present . 

The table in Figure 3 shows that an error caused by a 
5 transition bit error in the binary output code cannot 
be completely prevented by the converter 1 according to 
the invention in accordance with Figure 2. It is shown, 
however, that, without the presence of an error 
cor rect ion circuit specially provided for this purpose, 
10 occasionally a transition bit error does not become 
apparent at all in the binary output code. This can be 
explained by the fact that not all the bits of the 
thermometer code are utilized for the conversion. 

15 Figure 4 shows an example of an analog-to-digital 
converter with a converter arrangement according to the 
invention in accordance with Figure 2. 

The analog-to-digital converter has been designated by 

20 reference symbol 20 here. The analog-to-digital 
converter 20 has an input 21 and four outputs 10 - 13, 
which correspond to the outputs of the converter 1 . An 
analog input signal VI is coupled into the input 
terminal 21. The analog- to-digital converter 20 has an 

25 input stage 22 connected to the input 21, analog 
partial signals DO - D15 being present at the outputs 
of said input stage. Connected downstream of the input 
stage 22 is a reference stage 23 for generating the 
thermometer code in(0) - in(15). The reference stage 23 

30 is furthermore coupled to a reference voltage source 24 
for providing different reference potentials. A 
conversion circuit 1, the construction of which 
corresponds, for example to that in Figure 2, is 
connected downstream of the reference stage 23 on the 

35 output side. 

The present invention has been described on the basis 
of a converter for converting a 16-bit thermometer code 
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into a 4-bit binary output code. However, the invention 
shall not be restricted to this 1 6-bit-to-4 -bit 
conversion, but rather can be extended to any desired 
number of bits of the thermometer code, for example to 
32 bits, 8 bits, 4 bits. Reducing the number of bits, 
for example from 16 to 8, would result in the need for 
just one OR gate 2, 3, 4. The multiplexers 6, 7, 8 
would have only two inputs in this case. Accordingly, 
in the case of a converter 1 designed for more than 
16 bits, it would also be necessary to use a larger 
number of OR gates 2, 3, 4, in which case the 
multiplexers 6, 7, 8 would have to be designed for a 
larger number of inputs . 

To summarize, it can thus be stated that the method 
according to the invention and the arrangement 
according to the invention can realize a conversion of 
a thermometer code into a binary output code in a very 
simple but nevertheless very effective and rapid 
manner . 

The present invention has been represented on the basis 
of the above description in such a way as to explain 
the principle of the method according to the invention 
and the practical application thereof as well as 
possible, but the invention, given suitable 
modification, can, of course, be realized in diverse 
variants . 



